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[Proof Requirement] Necessary 

[Title of the Document] SPECIFICATION 

[Title of the Invention] STAPLE FIBER OF POLYLACTIC ACID 

COMPOSITION AND PROCESSES FOR PRODUCING THEREOF 

[Claims ] 

[Claim 1] A staple fiber being a fiber mainly 
comprising a linear polylactic acid composition, and 
having an L-isomer content of 95% or more, and a relative 
viscosity of 2.7 to 3.9, a monomer content of 0.5% by 
weight or less and an Sn (tin) content of 30 ppm or less. 

[Claim 2] A staple fiber being a fiber mainly 
comprising a linear polylactic acid composition, an 
L-isomer content of 95% or more, a weight -average 
molecular weight Mw of 120,000 to 220,000 and a 
number-average molecular weight Mn of 60,000 to 110,000, 
and a monomer content of 0.5% by weight or less and an 
Sn (tin) content of 30 ppm or less as a polylactic acid 
composition . 

[Claim 3] A staple fiber according to claim 1 or 2 
being a staple fiber mainly comprising a polylactic acid 
composition having a tensile strength of 3 . 0 g/d or more, 
an elongation of 80% or less, a heat contraction ratio 
at 120° C of 5.0% or less and a number of crimps of 4 to 
18 crimps /25 mm. 

[Claim 4] A process for producing a staple fiber of 
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polylactic acid using the polylactic acid composition 
according to claim 1 or 2 for producing the staple fiber 
according to claim 3, comprising the steps of performing 
spinning at a spinning speed of 600 to 1,200 m/min, 
performing drawing by a draw magnification factor of 3.0 
to 5.0 and performing heat treatment at 110 to 150° C. 
[Detailed Description of the Invention] 
[ 0001 ] 

[Technical Field to which the Invention Pertains] 
The present invention relates to a staple fiber 
mainly comprising a polylactic acid composition, and 
processes for producing thereof. 

[0002] 

[Prior Art] 

Conventionally, a staple fiber comprising 
polylactic acid composition and process for producing 
thereof have been disclosed, but most of them belong to 
laboratory level technologies, and conditions for 
industrial production have hardly been made clear yet. 

[0003] 

However, in the case of a fiber comprising, for 
example, a polylactic acid composition, particularly, a 
staple fiber, investigations of an L-isomer in polylactic 
acid as a starting material, prescription of the degree 
of polymerization of the polymer, a monomer content. 
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catalyst and molecular structure as well as heat 
contraction properties of the staple fiber are very 
important factors for practical productions and 
applications . 
[0004] 

Although Japanese Patent Application Laid-Open No. 
6-212511 and 7-11515 have disclosed simple spinning and 
drawing methods of poly-L-lactic acid having a melt-flow 
rate (MFR) of 8, and viscosity characteristics of the 
polymer during melt - spinning of aliphatic polyester, 
various conditions required for practical production 
sites have hardly been made clear. Therefore, it has 
been practically impossible to obtain a polylactic acid 
composition staple fiber capable of practical 
applications. 
[0005] 

[Problems to be Solved by the Invention] 

An object of the present invention is to provide 
a staple fiber of a polylactic acid composition being 
excellent in productivity and capable of practical 
applications by using a polylactic acid composition 
having specific properties. In particular, the present 
invention provides a polylactic acid staple fiber having 
goof heat contraction property, tensile strength and 
crimp property as well as processing stability, and 



4 



processes for producing thereof. 
[0006] 

[Means of Solving the Problems] 

The present invention has been made for solving 
the foregoing problems and the above object can be 
achieved by providing a staple fiber being a fiber mainly 
comprising a linear polylactic acid composition, and 
having an L-isomer content of 95% or more, and a relative 
viscosity of 2.7 to 3.9, a monomer content of 0.5% by 
weight or less and an Sn (tin) content of 30 ppm or less; 

A staple fiber being a fiber mainly comprising a linear 
polylactic acid composition, an L-isomer content of 95% 
or more, a weight average molecular weight Mw of 120,000 
to 220,000 and a number average molecular weight Mn of 
60,000 to 110,000, and a monomer content of 0.5% by weight 
or less and an Sn (tin) content of 30 ppm or less as a 
polylactic acid composition; the staple fiber being a 
staple fiber mainly comprising a polylactic acid 
composition having a tensile strength of 3 . 0 g/d or more, 
an elongation of 80% or less, a heat contraction ratio 
at 120°C of 5.0% or less and a number of crimps of 4 to 
18 crimps/25 mm; and a process for producing a staple 
fiber using the polylactic acid composition according to 
claim 1 or 2 for producing the staple fiber according to 
claim 3, comprising the steps of performing spinning at 
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a spinning speed of 600 to 1 , 200 m/min, performing drawing 
by a draw magnification factor of 3.0 to 5.0 and 
performing heat treatment at 110 to 150° C. 
[0007] 

The present invention will be described in 
detail hereinafter. The polylactic acid composition 
used for the present invention is obtained by using 
L-lactic acid, D-lactic acid, or L-lactide or D-lactide 
which are dimers of lactic acid, or mesolactide as a raw 
material, and it is important that the polylactic acid 
is one comprising 95% or more of L-isomer, but preferably 
98% or more. This is because when the proportion of 
D-isomer is increased, a polylactic acid becomes to have 
a non-crystalline structure and oriented 

crystallization does not proceed during a spinning and 
drawing process, resulting in poor physical properties 
of fibers to be obtained. In particular, the tenacity 
is greatly reduced while the boil-off shrinkage becomes 
too great, and therefore, such a polylactic acid cannot 
be practically used. 

[0008] 

The polylactic acid composition employed for the 
invention has the relative viscosity (rirel ) of 2 . 7 to 3 . 9 . 
If the relative viscosity is lower than the range, the 
heat resistance of a polymer is deteriorated to make it 
impossible to obtain a sufficiently high tensile strength 
and to the contrary, if it is high, the spinning 
temperature has to be increased to result in considerable 



6 



thermal deterioration at the time of spinning. 
Accordingly, a preferable lower limit is 2.9. A 
preferable upper limit is 3.6. 
[0009] 

The decrease ratio of the relative viscosity during 
spinning is more desirable to be lower, and the decrease 
rate is preferably 7% or less. That is because if it is 
7% or less, decomposition of a polymer at the time of 
spinning scarcely takes place and no yarn breakage occurs 
at the time of spinning to result in a good spinning 
property and a tensile strength in the drawing step can 
be increased. 
[0010] 

The polylactic acid composition to be employed for 
the invention has the weight -average molecular weight Mw 
of 120,000 to 220,000 and the number-average molecular 
weight Mn of 60,000 to 110,000. This is because, if the 
molecular weights are within these ranges, sufficiently 
high tensile strength can be provided, whereas if the 
molecular weight is out of these ranges, the molecular 
weight significantly decreases at the time of spinning 
to make it impossible to obtain a sufficiently high 
tensile strength. 
[0011] 

The polylactic acid composition to be employed for 
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the invention has a monomer content of 0.5% by weight or 
less, preferably 0.3% by weight or less, and especially 
preferably 0.2% by weight or less. The monomer referred 
as to in the invention is a component having a molecular 
weight of 1,000 or less calculated by GPC analysis which 
will be described later. If the monomer content exceeds 
0 . 5% by weight , the workability is considerably decreased. 
That is supposedly attributed to that the monomer 
component is decomposed by heat to result in decrease of 
heat resistance of the polylactic acid composition. 
[0012] 

In order to decrease the monomer content in the 
polylactic acid composition, those to be carried out are 
a method for removing an unreacted monomer by vacuum 
evacuation of a reaction tank immediately before 
completion of the polymerization reaction; a method for 
washing polymerized chips with a proper liquid; a method 
for carrying our solid-state polymerization, and the 
like. 

[0013] 

The polylactic acid composition to be employed for 
the invention is necessary to have the Sn (tin) content 
of 30 ppm or less in the polymer and preferably 20 ppm 
or less. Although an Sn-based catalyst is used as a 
polymerization catalyst for polylactic acid, if Sn exists 
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in exceeding 30 ppm, depolymerizat ion takes place at the 
time of spinning and the filtration pressure of a 
spinneret increases within a short time to result in 
considerable deterioration of the spinning 
precessibility . 
[0014] 

In order to suppress the Sn (tin) content, the use 
amount at the time of polymerization may be decreased or 
a chip may be washed with a proper liquid. 
[0015] 

It is important that a polylactic acid composition 
to be employed in the invention has a linear polymer 
structure . That is , it scarcely has a branched structure . 
In the ideas ever proposed, a slight amount of a branching 
agent has been added at the time of polymerization of 
polylactic acid for the purpose to improve the melt 
viscosity and the polymerization degree. However, in 
the case of production of a polylactic acid fiber, 
inventors of the invention have found that the branched 
structure of a raw material resin causes a rather 
significantly negative effect on the spinning 
workability as compared with a common polyester fiber. 
That is , polylactic acid having a branched structure even 
if slightly is problematically inferior in workability 
at the time of spinning and weak in tensile strength as 
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compared with those having no branched structure* 
[0016] 

In order to eliminate the branched structure, it 
is better to use no trivalent or tetravalent alcohol and 
carboxylic acid at all and even if using components having 
such structures because of any other reasons, it is 
important to suppress the use to the minimum necessary 
limit so as to avoid the effect on the spinning 
workability. 
[0017] 

A polylactic acid to be employed in the present 
invention preferably has a TG (5%), a temperature for 
reducing the polymer weight by 5%, of 300° C or higher. 
This is because, when TG (5%) becomes higher, heat 
degradation in the manufacture and processing of the 
fiber can be prevented. 
[0018] 

Though conventional materials other than 
polylactic acid may be used as raw materials in the 
polylactic acid staple fiber according to the present 
invention, the materials are preferably biodegradable 
resin materials such as a biodegradable polyester in 
manufacturing the biodegradable staple fiber. 
[0019] 

The staple fiber of the polylactic acid composition 
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according to the present invention can be manufactured 
by melt-spinning the polylactic acid composition by a 
conventional method, spinning under the conditions 
described hereinafter, and performing a mechanical crimp 
processing followed by heat treatment and cutting. 
[0020] 

The melt spinning temperature is preferably 215 
to 250° C. Melt-extrusion is facilitated at a 
temperature of 215° C or higher, while a temperature of 
250° C or lower can remarkably suppress decomposition to 
enable a staple fiber with a high tensile strength. 
[0021] 

The yarns after melt - spinning are cooled for 
forming a given oriented crystallization, and are housed 
in a can as non-drawn yarns at a speed of 600 to 1,200 
m/min. Reeling becomes difficult at a speed of less than 
600 m/min due to insufficient tensile strength of the yarn, 
while a speed of 1,200 m/min makes housing in the can 
difficult because the spinning speed is too high. The 
speed is preferably 900 to 1,100 m/min. 
[0022] 

The non-drawn yarn is drawn at a draw temperature 
of 50 to 98° C and a draw magnification factor of 3.0 to 
5.0, preferably 3.5 to 4.5, in one or two steps. A draw 
magnification factor of less than 3.0 is not practical 
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since the elongation percentage becomes too high. The 
elongation percentage is reduced and mechanical load is 
increased while reducing productivity in the draw step, 
when the draw magnification factor exceeds 5.0. 

Since the draw magnification factor differs 
depending on the spinning speed and required performance 
of the staple fiber, it is set so that a fiber having a 
tensile strength of 3 . 0 g/d or more and an elongation of 
80% or less can be obtained. 
[0023] 

The heat treatment may be applied before or after 
the crimp process . The heat treatment temperature is 110 
to 150° C, preferably 120 to 140° C, in order to obtain a 
heat contraction ratio of 5.0% or lower at 120° C. 
[0024] 

The heat contraction ratio of the staple fiber of 
the polylactic acid composition according to the present 
invention at 120° C is preferably 5.0% or less, more 
preferably 3 . 0% or less . When the heat contraction ratio 
at 120° C is 5.0% or less, the staple fiber becomes 
suitable for practical applications because the textile 
hardly contracts during heat-processing and dying while 
suppressing the change of feeling when the fiber is formed 
into a spun yarn and processed into a woven or knit fabric . 
When the fiber is used for a staple non-woven fabric by 
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a dry or wet process, the fiber may be used irrespective 
of the heat-molding temperature. 
[0025] 

The staple fiber of the polylactic acid composition 
according to the present invention preferably has a 
tensile strength of 3 . 0 g/d or more, more preferably 4.0 
g/d or more. A tensile strength of 3.0 g/d or more is 
preferable because no troubles are encountered during the 
processing steps with a sufficient strength of the final 
products, thereby excluding troubles in the practical 
use . 

[0026] 

The elongation is preferably 80% or less, more 
preferably 60% or less from the practical side. 
[0027] 

A crimp number of the staple fiber of the polylactic 
acid composition according to the present invention is 
preferably 4 to 18 crimps/25 mm, more preferably 6 to 15 
crimps/25 mm. Open parts are hardly generated in the 
card process when the crimp number is 4 crimps/ 25 mm or 
more, and generation of nep is suppressed when the crimp 
numer is 18 crimps/25 mm or less. 
[0028] 

When the stale fiber is endowed with the crimps 
by a stuffing box method, the foregoing crimp number can 
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be attained by allowing the staple fiber to pass through 
a crimper with a nip pressure of 2.0 to 4.0 kg/cm 2 and 
a press-in pressure of 0.3 to 1.0 kg/cm 2 after the tow 
before entering the crimper is pre-heated at 40 to 100° C. 
[0029] 

Heat treatments before and after the crimp process 
are applied at 120 to 140° C for adjusting a target heat 
contraction ratio to 5.0% or less. 
[0030] 

Oil is coated to the fiber before or after the dying 
step, and the fiber is finally formed into a staple fiber 
by cutting with a cutter. The staple fiber thus obtained 
is excellent in productivity while having a good 
heat-contraction property, tensile strength and crimp 
characteristics suitable for practical uses while being 
excellent in processing stability. 
[0031] 

A linear density of the monofilament of the staple 
fiber is usually 0.5d to 20d. 
[0032] 

The staple fiber according to the present invention 
is processed into woven or knit fabrics by a spinning 
process known in the art, or is used as a staple non- 
woven fabric through a dry or wet process. 
[0033] 
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[ Example ] 

The present invention will be described 
hereinafter with reference to examples. Analysis 
methods of polymer physical properties and measuring 
methods of fiber properties will be described at first. 
[0034] 

<Molecular weight and monomer content) 

A sample was dissolved in chloroform to be at 10 
mg/mL. Using chloroform as a solvent, Mw and Mn were 
measured by GPC analysis. An RI was employed as a 
detector and polystyrene was used as a molecular 
weight -standardized substance . 

Also the monomer content (weight %) in a polymer was 
calculated based on the ratio of a molecular weight with 
1,000 or less. 
[0035] 

(Relative viscosity rirel) 

A sample was dissolved in a solvent mixture of 
phenol/tetrachloroethane 60/40(weight ratio) to be 1 
g/dL, and the relative viscosity was measured at 20° C 
using an Ubberohde viscosity tube. 

[0036] 
(Sn content, (ppm)) 

A sample in an amount of 0.5g was wet-ashing by 
sulfuric acid/nitric acid. The resulting ash was 
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diluted with water to be a 50 mL of solution and subjected 
to ICP emission spectrophotometry. 

[0037] 
(Heat stability) 

Using TG/DTA 220U manufactured by Seiko 
Instruments Inc., the temperature at which 5% by weight 
of a polymer was decreased was measured as TG (5%). 

[0038] 

(Measurement of tensile strength) 

Using a tensile strength testing apparatus 
manufactured by Shimizu Corporation, a tensile strength 
test was carried out with a sample length of 20 mm and 
at a speed of 20 mm/min and the breaking tenacity was 
defined as tensile strength and elongation at break. 
[0039] 

(Measurement of heat contraction ratio) 

An initial length (initial sample length) was 
measured by applying an initial load of 2 mg/d to a sample 
with a length of 25 mm, and then the length after treating 
the sample at 120° C for 15 minutes with a hot-air dryer 
was measured. The heat contraction ratio was determined 
from the following equation: 

Heat contraction ratio (%) = [(initial sample length 
- sample length after contraction ) /initial sample 
length] x 100 
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[0040] 

(Rate of decrease of viscosity during spinning) 

The relative viscosity (rirel) of a filament coming 
out a spinneret was measured and calculated according to 
the following equation. The staying duration of a melt 
polymer in the example was about 5 minutes. The rate of 
decrease of viscosity during spinning (%) = {(polymer's 
relative viscosity - filament's relative 

viscosity ) /polymer ' s relative viscosity} x 100 

[0041] 
Example 1 

A polylactic acid was obtained by polymerization 
by a standard method using L-lactide and D-lactide in a 
proportion of 98.7% and 1.3% and tin octylate as a 
polymerization catalyst. The polymer obtained had a 
relative viscosity of 3.02, molecular weights Mw and Mn 
of 14.6 x 10 4 and 7.2 x 10 4 , a monomer content of 0.27% 
by weight and an Sn content of 18 ppm with a heat stability 
temperature TG (5%) of 318° C. 
[0042] 

The polymer was melt -spun at a spinning temperature 
of 230° C with an extrusion rate of 715 g/min and spinning 
speed of 1,050 m/min from a spinneret having 1,420 
spinning holes with a diameter of 0 . 27 mm. After cooling 
by annular air in an annular manner, the yarn was pulled 
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into a can as non-drawn yarns. The rate of decrease of 
viscosity during spinning was 3%, and yarn breakage 
occurred 0.73 times/ton. 
[0043] 

After pre-heating the non-drawn yarn at 40° C, it 
was drawn at 85° C by a draw magnification factor of 3.96, 
and the drawn yarn was heat-treated at 110° C by applying 
an tension. Reeling on the roller during drawing showed 
a good result of 0.24 times/ton. 
[0044] 

Crimps were given to the drawn tow by introducing 
into a crimper (a nip pressure of 2 . 5 kg/cm 2 and staffing 
pressure of 0.5 kg/cm 2 ) while heating at 85° C. The 
crimped tow was subjected to a drying and heat treatment 
at 130° C with a hot-air dryer and, after coating the yarn 
with oil, it was cut into a length of 38 mm to obtain a 
stable fiber with a liner density of Id. The staple fiber 
obtained had a heat contraction ratio of 2.7% at 120° C, 
tensile strength of 4 . 5 g/d or more, elongation of 45.4% 
and a crimp number of 10.6 crimps/25 mm. The spinning 
ability of this staple fiber was good, obtaining a spun 
yarn having good thermal characteristics and tensile 
strength. This staple fiber is mainly used for mixed 
spinning with cotton. 
[0045] 
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Comparative Example 1 

A polylactic acid was obtained by polymerization 
by a standard method using L-lactide and D-lactide in a 
proportion of 99.0% and 1.0% and tin octylate as a 
polymerization catalyst and trimellitic acid of 0 . 1 mol % 
as a cross-linking agent. 
[0046] 

The polymer obtained had a relative viscosity of 
3.04, a molecular weight Mw of 14.8 x 10 4 and a molecular 
weight Mn of 7 . 6 x 10 4 , a monomer content of 0.26% by weight 
and an Sn content of 19 ppm with a heat stability TG (5%) 
of 315°C. 
[0047] 

A non-drawn yarn was reeled from the polymer under 
the same conditions as in Example 1. Though the rate of 
decrease of viscosity during spinning was 6%, yarn 
breakage was 2.43 times/ton with poor spinning ability. 
[0048] 

The non-drawn yarn was drawn under the same 
conditions as in Example 1. Reeling on the roller during 
drawing was as poor as 1.21 times/ton. 

[0049] 
Example 2 

A polylactic acid was obtained by polymerization 
by a standard method using L-lactide and D-lactide in a 
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proportion of 97.8% and 2.2% and tin octylate as a 
polymerization catalyst . 

The polymer obtained had a relative viscosity of 2.93, 
a molecular weight Mw of 12.5 x 10 4 and a molecular weight 
Mn of 6.6 x 10 4 , a monomer content of 0.26% by weight and 
an Sn content of 26 ppm with a heat stability TG (5%) of 
317° C. 

[0050] 

The polymer was melt-spun at a spinning temperature 
of 230° C with an extrusion rate of 800 g/min and spinning 
speed of 950 m/min from a spinneret having 820 spinning 
holes with a diameter of 0.40 mm. After cooling by 
blowing air in annular manner, the yarn was pulled into 
a can as non-drawn yarns. The rate of decrease of 
viscosity during spinning was 5%, and yarn breakage 
occurred 0.22 times/ton. 
[0051] 

After pre-heating the non-drawn yarns at 40° C , they 
were drawn at 82° C by a draw magnification factor of 3.74. 
Reeling on the roller during drawing showed a good result 
of 0.0 times/ton. 
[0052] 

Crimps were given to the drawn tow by introducing 
into a crimper (a nip pressure of 2 . 8 kg/cm 2 and staffing 
pressure of 0.6 kg/cm 2 ) while heating at 85° C. 
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[0053] 

The crimped tow was subjected to a drying and heat 
treatment at 135° C with a hot-air dryer and, after coating 
the yarns with oil, they were cut into a length of 51 mm 
and bias length of 76 mm to obtain a stable fiber with 
a liner density of 3.0d. The staple fiber obtained had 
a heat contraction ratio at 120° C of 1.7%, tensile 
strength of 3.4 g/d or more, elongation of 58 . 4% and crimp 
number of 10.9 crimps/25 mm. 
[0054] 

This staple fiber was spun by mixing with wool. 
Thermal characteristics and tensile strength of the spun 
yarn were satisfactory, and could dye at a temperature 
comparable to polyesters. 
[0055] 

This staple fiber is carded to use as a material 
of the nonwoven fabric after a needle punch and heat 
treatment . 

[0056] 
Example 3 

A polylactic acid was obtained by polymerization 
by a standard method using 96,8% of L-lactide and 3.2% 
of D-lactide as starting materials, and tin octylate as 
a polymerization catalyst. 

The polymer obtained had a relative viscosity of 
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2.96, a molecular weight Mw of 13.8 x 10 4 and a molecular 
weight Mn of 6 . 8 x 10 4 , monomer content of 0.47% by weight 
and Sn content of 19 ppm with a heat stability TG (5%) 
of 302°C. 
[0057 ] 

The polymer was melt-spun at a spinning temperature 
of 228° C with an extrusion rate of 800 g/min and spinning 
speed of 1,000 m/min from a spinneret having 820 double 
C spinning holes with a slit width of 0.15 mm. After 
cooling by blowing annular air, the yarn was pulled into 
a can as non-drawn yarns. The rate of decrease of 
viscosity during spinning was 5%, and yarn breakage 
occurred 0.0 times/ton. 
[0058] 

After pre-heating the non-drawn yarns at 40° C, they 
were drawn at 82° C by a draw magnification factor of 4.07. 
Reeling on the roller during drawing showed a good result 
of 0.0 times/ton. 

Crimps were given to the drawn tow by introducing 
into a crimper (a nip pressure of 2 . 2 kg/cm 2 and staffing 
pressure of 0.5 kg/cm 2 ) while heating at 85° C. 
[0059] 

The crimped tow was subjected to a drying and heat 
treatment at 130° C with a hot-air dryer and, after coating 
the yarns with oil, they were cut into a length of 51 mm 
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to obtain a stable fiber with a liner density of 6.8d. 
[0060] 

The staple fiber obtained had a heat contraction 
ratio at 120° C of 3.5%, tensile strength of 3 . 8 g/d or 
more, elongation of 48.2% and crimp number of 8.2 
crimps/25 mm. 
[0061] 

This staple fiber could favorably pass through a 
card machine, and characteristics as a nonwoven fabric 
was satisfactory after a needle punch and heat treatment. 
[0062] 

[Effects of the Invention] 

A staple fiber of the polylactic acid composition 
having practically applicable heat contraction 
characteristics, tensile strength and crimp 
characteristics can be obtained in the present invention. 
In other words, a staple fiber of a polylactic acid 
composition excellent in heat resistance and physical 
properties without decreasing spinning ability can be 
obtained. Woven and knit textiles and nonwoven fabrics 
using the staple fiber of the polylactic acid composition 
according to the present invention can be used for clothes 
as well as domestic, agricultural and gardening, civil 
engineering and hygiene materials. 
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[Title of the Document] ABSTRACT 
[Abstract] 

[Purpose] To provide a staple fiber of a polylactic 
acid composition excellent in productivity and 
applicable for practical uses. 

[Means of Solution] 

The present invention provides a staple fiber 
mainly comprising a linear polylactic acid composition 
as a raw material having an L-isomer content of 95% or 
more and a relative viscosity of 2.7 to 3.9, monomer 
content of 0.5% by weight or less and Sn (tin) content 
of 30 ppm or less, and processes for producing the staple 
fiber using the polylactic acid composition comprising 
the steps of spinning at a spinning speed of 600 to 1,200 
m/min, drawing by a draw magnification factor of 3.0 to 
5.0 and heat-treating at 110 to 150° C. 

[Selected Drawing] None 
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